Background: We investigated the relationship between resumption or persistence of menstruation after cytotoxic chemotherapy (RM) and disease-free survival (DFS) in premenopausal patients with early breast cancer.
introduction
Globally, approximately one-third of newly diagnosed invasive breast cancers occur in women < 50 years of age [1] . Chemotherapy has been the mainstay of adjuvant therapy for premenopausal women with node-positive breast cancer, even when patients have a hormone receptor (HR)-positive tumor [2, 3] . It has been argued that cytotoxic chemotherapy is beneficial for premenopausal women because it causes premature menopause. Chemotherapyinduced amenorrhea (CIA) caused by treatment-related ovarian failure is a well-characterized adverse event in premenopausal patients with breast cancer. The incidence of CIA differs with respect to patient age, chemotherapeutic regimens used, and tamoxifen use [4] [5] [6] [7] . Although CIA has been evaluated as a prognostic factor in relation to diseasefree survival (DFS) or overall survival (OS) in some studies, the results have been inconsistent [5, 6, [8] [9] [10] . These studies were retrospective and included heterogeneous populations with heterogeneous chemotherapeutic regimens. Most of these prior studies were conducted based on the cyclophosphamide, methotrexate, and 5-fluorouracil (CMF) regimen, without incorporating adjuvant endocrine therapy. In addition, CIA was not consistently defined across the studies and temporary amenorrhea was not differentiated from permanent CIA.
CIA is expected to be beneficial in patients with hormone-sensitive tumors because of the indirect antitumor effect of estrogen deprivation, which is supported by the results of prior studies [8, 11, 12] . Given that CIA is considered a surrogate marker of the effective cytotoxicity of a particular chemotherapy, resumption or persistence of menstruation after cytotoxic chemotherapy (RM) may be a prognostic factor for poor survival in premenopausal breast cancer patients. According to previous studies, regular menstruation reappeared after CIA in a significant proportion of patients and particularly in younger patients [7, 13, 14] . However, this phenomenon has received less attention than CIA because it involves a smaller proportion of the patient population.
In contrast to western countries, the peak age of breast cancer patients in Asia (including Korea) is between 45 and 50 years old and accounts for over 50% of premenopausal status at diagnosis [12] . With this premenopausal preponderance, we addressed the incidence of CIA and RM in patients treated with cytotoxic chemotherapy and/or endocrine therapy. We also investigated clinical factors affecting these phenomena, in association with DFS and OS.
patients and methods
study population
Between March 2001 and December 2006, a total of 2523 patients underwent surgery for breast cancer at the National Cancer Center Hospital in Korea. Of all patients, 1245 premenopausal patients were included in this retrospective study (CONSORT diagram). Patients who lacked information on the menstrual history or had a hysterectomy after chemotherapy were excluded from the analysis. We also excluded patients who received GnRH analogue as part of the adjuvant endocrine treatment. Premenopausal status was defined as having regular menstrual cycles within 3 months, regardless of each patient's age.
The chemotherapy regimens used were as follows: (i) anthracyclinebased: doxorubicin 60 plus cyclophosphamide 600 mg/m 2 on day 1 every 3 weeks for four cycles (AC) and 5-FU 500, doxorubicin 50, and cyclophosphamide 500 mg/m 2 on day 1 every 3 weeks for six cycles Estrogen receptor (ER) or progesteron receptor (PgR) expression status was determined by immunohistochemistry (IHC) and a cut-off value of ≥ 10% of the positively stained nuclei was used to define ER and PgR positivity. The IHC of ER and PgR was carried out using paraffin-embedded tissues and antibody for ER is SP1 (Ventana, Vancouver, Canada) and for PgR, 1E2 (Ventana). After local and adjuvant treatment (including radiotherapy if needed), patients visited the outpatient clinics every 3-4 months for the first 3 years of follow-up, every 6 months for the next 2 years, and annually thereafter. At each follow-up visit, patients' menstrual status was recorded in addition to physical examination and other surveillance studies.
CIA was defined as the cessation of menstruation for > 6 consecutive months. Resumption of menstruation was defined as regular cyclic bleeding after CIA for > 3 months without pathologic etiology. In this study, we limited the definition of resumption of menstruation to a clinical phenomenon and did not take into account chemical findings, such as elevated serum estradiol (E2) accompanied by follicle-stimulating hormone levels ≤20 mIU/ml.
statistical methods
The primary end point of this study was the effect of RM on DFS in premenopausal breast cancer patients. DFS was defined as the length of time from the date of diagnosis to any invasive breast cancer relapse or death or was censored at the last follow-up date. OS was defined as the length of time from the date of diagnosis to death from any cause or last follow-up date. DFS and OS were estimated using the Kaplan-Meier method and compared using the log-rank test. Cox's logistic regression analyses were used to control for various clinical factors and to estimate hazard ratio and 95% confidence interval (CI) for each factor. Survival rates were calculated using the life table method, and 5-year DFS rates were compared using Gehan's method. Proportions were compared using twoway tables and the chi-square test. Forest plots were used to summarize the results of various subgroup analyses. All P values were two-tailed, with 5% significance levels. All statistical analyses were carried out using STATA software version 10.0.
results patient characteristics
We assessed 872 patients out of a total of 1245 premenopausal patients for the study, after excluding patients who did not receive chemotherapy, were missing data, or were lost to follow-up (for CONSORT diagram see Figure 1 ). The median age at diagnosis was 41 years (range, 21-54) and the median follow-up duration was 6.2 years (range, 0.7-10.4). Six hundred and ninety-two patients (79.4%) were ER positive or PgR positive, and 671 patients received tamoxifen after cytotoxic chemotherapy ( Table 1) . The number of patients with tumor size ≤2 cm was 392 (45.0%), and 361 patients (41.4%) were node negative. All patients received cytotoxic chemotherapy before or after breast surgery and 434 (49.8%) patients received taxane-containing regimens.
effects of RM on survival RM was significantly affected by the following factors: age ≤35 years (hazard ratio 10.1, 95% CI 6.5-15.7, P < 0.001); tamoxifen use (hazard ratio 0.3, 95% CI 0.2-0.5, P < 0.001); original articles Annals of Oncology and body mass index ≥ 23 kg/m 2 (hazard ratio 0.7, 95% CI 0.5-0.9, P = 0.013). Multivariate analysis showed that lack of tamoxifen use (hazard ratio 0.4, 95% CI 0.3-0.5, P < 0.001) and age ≤35 years (hazard ratio 9.5, 95% CI 6.1-14.7, P < 0.001) were the most important factors for persistent menstrual cycles (supplemental Table S1 is available at Annals of Oncology online). In fact, 85% of patients aged ≤35 years experienced RM and the rate of menstruation was much higher in the HRnegative patient group (supplemental Figure S1 is available at Annals of Oncology online). DFS was significantly lower among patients with RM than among those without RM (P < 0.001) (Figure 2A-C) . While the 5-year DFS rate was 90.0% (95% CI 86.1% to 93.9%) in patients without RM, it was significantly lower in patients with RM (5-year DFS = 84%, 95% CI 80.1% to 87.9%, P < 0.001). Although there was no evidence of interaction between RM and either HR status or age with respect to DFS (P = 0.941 and P = 0.132, respectively), the effect of RM could not be estimated in younger patients because of the high rate of resumed menstruation. Therefore, we conducted a subgroup analysis in patients > 35 years (n = 665). In this subset, the effect of RM on DFS was significant in both HR-negative and HR-positive patients (Figure 2D-F) . There was no difference in DFS between patients with RM after CIA and those with RM without CIA (data was not shown).
Several clinical factors including RM were associated with DFS in univariate analysis ( Table 2 ). In multivariate analysis, tumor size > 2 cm (hazard ratio 2.6, 95% CI 1.8-3.8, P < 0.001), nodal involvement (hazard ratio 3.4, 95% CI 2.2-5.3, P < 0.001), HR negativity (hazard ratio 2.2, 95% CI 1.5-3.1, P < 0.001), and RM (hazard ratio 2.0, 95% CI 1.4-2.8, P < 0.001) remained important factors associated with shorter DFS. In a subgroup analysis, RM appeared to be a prognostic factor for shorter DFS in all subgroups tested with the exception of patients aged ≤35 years ( Figure 3 ). In particular, the effect of RM was more prominent in patients with node positive and larger tumors and was greater among patients who received taxane-containing regimens than nontaxane regimens.
Differences in OS were observed with respect to the presence of menstruation in the total patient population, as well as in patients > 35 years of age (supplemental Figure S2 is available at Annals of Oncology online). Five-year OS was 90.0% (95% CI 88.0% to 92.0%) in patients with RM and 94.0% (95% CI 92.0% to 96.0%) in patients without RM. Differences in OS with respect to the presence of RM were not detected according to HR status in all patients or in the subgroup of patients > 35 years. RM was not a prognostic factor for OS when adjusted for age, tumor size, nodal involvement, or HR status (supplemental Table S2 is available at Annals of Oncology online). OS was significantly reduced among patients with tumor size > 2 cm (hazard ratio 2.6, 95% CI 1.6-4.2, P < 0.001), nodal involvement (hazard ratio 6.1, 95% CI 3.1-12.2, P < 0.001), and HR negativity (hazard ratio 2.8, 95% CI 1.8-4.3, P < 0.001).
effects of CIA on survival
During cytotoxic chemotherapy, 669 (76.7%) patients experienced CIA and 121 (13.9%) patients had persistent menstruation. While 420 (48.2%) patients never menstruated after CIA, 452 (51.8%) patients reported that regular menstruation reappeared or was persistent during the followup period.
In univariate analysis, the incidence of CIA was significantly higher when patients were older ( ≥ 35 years), received taxanecontaining chemotherapy, or received tamoxifen treatment (supplemental Table S3 is available at Annals of Oncology online). All of these factors demonstrated a significant influence on the appearance of CIA in multivariate analysis. original articles Annals of Oncology discussion According to our data, a considerable proportion of premenopausal patients treated with chemotherapy experienced RM with or without CIA. The incidence of RM was significantly associated with age and tamoxifen use. In our study population, RM not CIA was a poor prognostic factor for DFS in premenopausal patients with early breast cancer.
The incidence of CIA is related to patient age, the type of chemotherapeutic agents used, dose intensity of chemotherapy, and tamoxifen use [1, 4, 7] . Some studies have demonstrated improved survival with amenorrhea, while others have shown no impact [5, 6, 8, 15] . Different chemotherapeutic regimens, inconsistency in the definition of CIA, and lack of standardized data collection (including bleeding history) in heterogeneous populations may explain these discrepancies [1] .
A recent analysis of the National Surgical Adjuvant Breast and Bowel Project Protocol B-30 (NSABP B-30) trial revealed that amenorrhea after chemotherapy was associated with substantial survival benefit [15] . In the NSABP B-30 trial, all patients received taxane-containing regimens and both OS and DFS were significantly increased among patients who experienced CIA, regardless of their ER status. In that study, CIA was defined as lack of menstruation for ≥ 6 months during 24 months of follow-up. When the authors carried out a 12-month landmark analysis to escape bias due to the misclassification of women without CIA who experienced relapse or death before reaching 24 months of follow-up, the clinical significance of CIA disappeared in HR-negative patients [16] . According to our previous study [4] , the proportion of menstrual resumption was increasing by 2 years after chemotherapy and then reached a plateau. Therefore, the 
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status of CIA can be changed at each time point until at least 2 years of follow-up duration, which would significantly influence various studies' results.
In the present study, we focused on RM rather than CIA because CIA is a heterogeneous status comprises cases of true menopause as well as cases of transient amenorrhea. There are patients whose estrogen levels remain in a premenopausal range despite experiencing a cessation of menstruation for ≥ 1 year [4] . According to our results, RM was significantly associated with shorter DFS in both HR-positive and HRnegative patients. The rate of menstrual bleeding differed with patient age and HR status. HR-negative patients more frequently experienced menstrual bleeding than did HRpositive patients, possibly due to tamoxifen treatment in HRpositive patients. Therefore, we conducted subgroup analysis according to HR status and patient age. In each subgroup, DFS decreased significantly in patients with RM, although CIA itself was not correlated with DFS or OS.
Contrary to previous reports that the endocrine effect of chemotherapy was observed only in HR-positive patients [6, 9, 10, [17] [18] [19] , the absence of menstruation resulted in a beneficial effect on DFS in both HR-negative and HR-positive patients in our study. We assumed that different results could be drawn by the different proportion of younger patients among a total of study population. Compared with other studies, our study included a significantly higher proportion of patients who were < 40 years of age ( > 45%), which resulted in much higher incidence of RM and relatively lower incidence of permanent CIA. Thus, CIA may not adequately represent an endocrine effect of chemotherapy in this population. Although we could hypothesize that amenorrhea is a surrogate marker for the effectiveness of chemotherapy in HR-negative patients, the current data suggested that RM was more important marker rather than CIA that often represented a certain duration of amenorrhea. However, RM was only meaningful in patients > 35 years because of very high incidence of RM in very young patients in our series.
Interestingly, the effect of RM on DFS was observed among high-risk patients with T > 2cm or node positive. Most of these patients received taxane-containing chemotherapy. Provided that RM was a marker of the effect of chemotherapy including its indirect endocrine effect, the effect of RM consequently might be more prominent in high-risk patients because the effect of chemotherapy itself would not be so great in low-risk patients.
Limitations of the current study are that it was a retrospective analysis, which had a risk of bias and the duration of CIA was not included as a clinical parameter. Most patients in the present study reported that menstruation resumed within 2 years after cytotoxic chemotherapy; however, the dates of vaginal bleeding after CIA were missed in most patients because the data collection process was not standardized. Parulekar et al. [6] demonstrated that 6-month CIA rates were not associated with prognosis, although CIA at 12 months was significantly associated with relapse-free survival and OS in patients with HR-positive breast cancer [6] . Therefore, further analysis will be needed to investigate the clinical significance of the duration of CIA combined with menstrual resumption.
Although more patients who received taxane-containing regimens experienced CIA, we did not find any association between RM and chemotherapeutic regimens. We did not include the dose intensity of chemotherapy due to heterogenous chemotherapeutic regimens in this study.
In conclusion, RM after cytotoxic chemotherapy is likely to influence DFS in premenopausal women with early breast cancer. These results suggest that RM may be a potential indicator of the hormonal effect of chemotherapy as well as a predictive marker of the effectiveness of chemotherapy in premenopausal women. It is necessary to address the clinical effect of RM in large prospective studies for tailored therapy for premenopausal patients with early breast cancer.
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